Abstract
Introduction

45
Pollinator communities worldwide are undergoing dramatic changes in both abundance 46 and composition that may put pollination service at risk in many terrestrial ecosystems [1] . These 47 changes may not solely be unidirectional declines in species abundance, but can manifest as However, given the negative impacts of rapid global change [1, 5] , it is imperative to identify 55 which pollinator species out of a guild might be most vulnerable to a specific environmental 56 impact. Identifying the most at-risk or vulnerable species within a guild might allow for a more 57 effective approach to management and threat mitigation [12, 13] .
58
In montane regions, some pollinators are predicted to follow plant distributional shifts up 59 slope as climates warm [14, 15] , but where species are already restricted to high altitude habitat it 60 is unclear if they can adapt in situ [16] [17] [18] . Climate change is an emerging threat to pollinators, 61 yet it remains poorly studied because isolating the effects of climate from other potential factors 62 is difficult [4, 19] . There is a global consensus among scientists that the economic activities and bumble bee diversity, largely in part to the environmental heterogeneity resulting from the 82 region's complex topography [26, 27] . The topography of the Pacific Northwest is hypothesized 83 to have significantly influenced patterns of population genetic diversity [27, 28] projecting HS change in the Pacific Northwest will provide park management with information 111 on which bumble bee communities and species are most vulnerable to climate change.
112
Materials and Methods
113
Field Survey
114
In the summers of 2013 and 2014 we visited 23 field sites in seven US National Parks in 115 the Pacific Northwest to survey bumble bees (Fig 1; Table 1 ). In Olympic National Park and Fort Vancouver National Historic Site (FOVA) one site at each park was surveyed. In San
120
Juan Islands National Historical Park (SAJH), two sites were surveyed. We did not survey bumble bees across an altitude gradient in EBLA, LEWI, FOVA, and SAJH as they are near sea 122 level. In NOCA and OLYM, we revisited some sites surveyed in a previous study [10] . 
159
Community analysis 160 We estimated species richness and diversity across the bumble bee communities using We queried the Global Biodiversity Information Facility website (GBIF) (http://gbif.org)
175
for bumble bee specimen records to be used in constructing SDMs. We limited our query to only 176 include records that were "Preserved Specimens" to maximize the probability that the specimens 177 were identified using a taxonomic key or a voucher collection. To estimate habitat suitability We projected HS for all 15 bumble bee species using bioclimatic data generated from 
Results
246
Field Survey
247
In total, fifteen bumble bee species were detected in our survey. We captured 773 bumble 248 bees across 23 unique field sites from 15 -25 of July and 2 August 2013 (Table S1 ). Of the 773,
249
272 voucher specimens were curated and are currently housed at the NPIC in Logan, Utah (Table   250 S2). The remaining 501 specimens not retained as vouchers were released at the collection site Table S1 .
268
Community analysis
269
To assess community richness and diversity, only specimens that were identified to 270 species were used for the final analyses (n = 761). Thus, we removed the 12 unidentified 271 specimens from the total 773 specimens surveyed. Across the sites assessed in our study, we Specifically, bumble bee communities found at altitudes greater than 500 m shared species that
281
were relatively unique to communities found at altitudes less than 500 m (Fig 3) . are found to co-occur, whereas species distributed further apart are less likely to co-occur. National Parks within the study region (Fig 4) vosnesenskii (Fig 5) . 
Discussion
350
We discovered that bumble bee community composition and diversity can be predicted
351
by their distribution across an altitude gradient in the Pacific Northwest. As expected, we found 352 that both species richness and diversity were positively correlated with altitude (Fig 2) . We also
353
found that bumble bee community composition can be predicted by species' distribution across 354 an altitude gradient, with high altitude communities clustering differently than low altitude 355 communities (Fig 3) . Finally, an assessment of HS under two RCP scenarios (4.5 and 8.5) and by changes in precipitation patterns in the region as precipitation is a significant predictor of 370 bumble bee HS in our study.
371
The probable species composition of a bumble bee community can be demarcated based 372 on altitude in the Pacific Northwest (Fig 3) . the greatest HS loss compared to low altitude bumble bee species (Fig 4) . species rich and diverse in high altitude environments relative to low altitude environments (Fig   386   2) . Therefore, if bumble bees from low altitude environments disperse to high altitude with expected shifts in floral resources abundance, diversity, and phenology might greatly impact 399 the evolutionary trajectory of high altitude bumble bee species [16] .
400
We discovered that B. vandykei will be the most vulnerable to climate change in the
401
Pacific Northwest, as our models predicted that it will incur the greatest HS loss (63 ± 7 percent 402 mean HS loss) (Fig 5) . 
